Investigation of electrical resistivity ρ and magnetoresistance in single crystalline n-type silicon heavily doped with antimony in the temperature range ∆T = 5−300 K and at the magnetic inductance B up to 8 T was performed. It was established that, for the temperature range ∆T = 25−300 K the conductivity is of activation type, while for ∆T = 5−25 K it is of variable range hopping and is described by the Mott law. Parameters of the Mott hopping were calculated. It was shown that, to explain the experimental data, the spin polarized hopping via the occupied states has to be taken into account. The obtained parameters revealed that for the low temperature range ∆T = 5−11 K the spin polarized hopping dominates, while for ∆T = 11−20 K the spin polarized transport is accompanied by the wave function contraction.
Introduction
The behavior of the temperature T and magnetic eld B dependences of conductivity σ in heavily doped semiconductors while approaching the insulatormetal tran- This criterion was conrmed in various experiments [2] .
However, some ambiguity in understanding of both σ and magnetoresistance (MR) mechanisms still remains when semiconductor is close to the critical concentration of the localized centers and the competition between variable range hopping (VRH), weak localization and standard metallic conductivity occurs. This paper describes temperature dependences of dc conductivity σ(T ), the Hall eect and IV characteristics of single crystalline n-type silicon heavily doped with antimony with concentration N Sb ≈ 1 × 10 18 cm −3 (estimated by the Hall measurements) which is below the N c and N Sb values in Si studied in [3] . Rectangular samples were covered with 6 indium stripes as electric probes (2 currents and 4 potentials) using ultrasonic soldering.
Samples were inserted into the computerized cryogen-free measuring system CFMS (Cryogenic Ltd., London) with superconducting magnet. The CFMS allowed performing measurements in the temperature range ∆T between 5 K and 300 K in magnetic elds up to 8 T. Lakeshore controller allowed stabilizing temperature with the accu- * corresponding author; e-mail: fedotov@bsu.by racy of ±0.005 K and enabled to use dierent sweeping rates of magnetic eld and applied bias voltage.
Results and discussion
The concentration N Sb corresponds to the average distance between impurity atoms of 6.2 nm. Measurements of the resistivity ρ in the absence of the external magnetic eld revealed its strong temperature dependence at T < 25 K; the changes in ρ were more than one order of magnitude. Application of the magnetic eld above 
where
−1 is the Mott parameter, 
where T vM is the temperature of the onset of the Mott VRH.
The results of calculations according to Eqs. (2), (3) are summarized in In Table parameters 
where t 3 = 5/2016, l H = c/qH = /qB is the magnetic length and ρ(0) the zero eld resistivity.
On the base of Eq. (4) it is possible to obtain a M values versus B and T . These results are plotted in Fig. 3a,b . It follows from the analysis of Fig. 3 that, at B > 2 T, the localization radius practically does not depend on B.
At that some temperature dependence is present. In particular, for the temperature range ∆T = 5−25 K the a M values decrease from 8.5 to ≈ 6.0 nm.
Within the obtained Mott parameters it is possible to
evaluate the width of the energy band of the so-called essential states [4] :
which is in the range ε 0 = 2.7−11 meV. This leads to the estimation of the DOS N (ε 0 ) = 2g(E F )ε 0 = (2.79) × 10 
where A = (g 2 a to obtain values of the parameter A at each temperature.
Taking into account both the spin polarized mechanism and wave function contraction the temperature dependence of A is expressed as [8] :
where constant a S characterizes the contribution of spin polarized mechanism, and constant
is related to the wave function contraction.
Analysis of the A(T ) dependence is present in Fig. 4 . It is seen that, at low T (∆T = 5−11 K), the coecient A is temperature independent which, according to Eq. (7), corresponds to the dominant spin polarized hopping. At T > 11 K mostly the wave function contraction determines hopping.
Summary
In conclusion, measurements of the resistivity versus temperature and magnetoresistance at dierent temperatures were performed for single crystalline silicon heavily doped with antimony.
Range of temperature was changed between 5 and 300 K, magnetic eld was varied up to 8 T. 
